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Abstract 
We investigate coreflective subconstructs of the construct h-top of pretopological spaces and 
continuous maps and in particular the inclusion “order” between these subconstructs. We describe 
the smallest, second and third coreflective class and then all minimal elements that are strictly larger. 
Using these minimal elements we obtain a “partition” of the whole conglomerate of coreflective 
subconstructs of &top. The results dealing with classes in one member of this partition have an 
immediate interpretation in the framework of reflexive relations. 
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1. Introduction 
The creation of pretopologies goes back to the beginning of the century. In this pe- 
riod, when topology was born, also more general structures were introduced. In 1907 
Riesz [22] formulated an axiomatization of derived sets, more general than those for 
topological spaces. In 1935 Hausdorff studied so-called “Gestufte Rgume” [8], linked to 
the sequential convergence described in L-spaces. In Cech’s book “Topological Spaces” 
[4], pretopological spaces (under the equivalent name of (Tech) closure spaces) form the 
framework for the study of topology. 
In 1948 Choquet [5], later followed by Kowalsky [18], Fischer [7] and Kent [14], 
presented an axiomatic description of convergence theory based on filter convergence. In 
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all these pioneering papers, in which the categories of convergence theory were founded, 
large attention was attributed to pretopological spaces, i.e., those convergence spaces in 
which convergence can be described by means of neighborhood filters (or equivalently 
by means of Tech closures). This attention comes from the fact that the pretopological 
reflection of a convergence space is a key instrument in convergence theory, in particular 
in finding appropriate extensions of topological notions such as denseness and regularity. 
In the topological construct Prtop of pretopological spaces and continuous maps final 
structures are formed in a very easy and elegant way. Moreover quotients in Prtop are 
hereditary [3,12]. These nice features of Prtop explain why recently pretopological spaces 
have proved to be useful in topology too. The construct Prtop plays a key role in the 
classification of topological quotient maps since Prtop is the extensional topological hull 
of Top [2,3,11,13,16,25,26]. 
As the importance of pretopological spaces became clear, several authors investigated 
the construct Prtop and some of its subconstructs [15]. Results on Cartesian closedness 
and exponential objects were obtained by Schwarz in [23,24] and by the authors in 
[ 19,201. 
In this paper we consider those subconstructs of Prtop that are closed under the for- 
mation of final sinks in Prtop, i.e., coreflective subconstructs of Prtop. These coreflective 
subconstructs arise naturally from so-called “limit operators in Prtop”, which are analo- 
gous to the topological limit operators as studied by Herrlich in [9,10]. For instance if 
we assign to each subset A of a pretopological space X a subset Z_yA of all limits of 
X-converging sequences in A then 1~ defines a limit operator in Prtop and the subcon- 
struct of Prtop consisting of all pretopological spaces X for which the Tech closure clx 
coincides with IX is the coreflective subconstruct of all FrCchet spaces [17,19]. Using 
the same procedure starting with ZxA the set of all points in the X-closure of some 
singleton subset of A, the associated coreflective subconstruct of Prtop consists of all 
finitely generated spaces and is denoted by Fing [ 191. 
We investigate the inclusion “order” on the conglomerate of all coreflective subcon- 
structs. We describe the smallest, second and third coreflective class and then all minimal 
elements strictly larger than these three. Using the minimal elements we obtain a partition 
of the whole conglomerate. One member of the partition consists of the coreflective sub- 
constructs of Fing. Since Fing is isomorphic to the construct Rere of reflexive relations 
(or equivalently of spatial directed graphs) our results on the induced partial order have 
an immediate interpretation in the framework of reflexive relations. 
The following notational conventions will be adopted. 
When X is a set and A c P(X), then 
stackd = {E c X; A c E for some A E A}. 
When z is an element of a set X, we shall denote k for the ultrafilter stack{(z)}. If 
f : X + Y is a map between sets, and 3 is a filter on X, then its image by f on Y is 
f (3) = stack{ f (F); F E 3). 
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Infinite cardinals are denoted by w, where (Y is an ordinal. When A is a set, IA] denotes 
its cardinality. 
A pretopological space is a structured set (X,q), where the structure q is a function 
assigning a neighborhood filter V,(z) to each point z E X, and Vq(z) satisfies the 
condition V,(z) C 5. 
When no confusion can arise, we simply write X instead of (X, q) and V(z) instead 
of V&E). 
A function f : (X,p) + (Y, q) between pretopological spaces is continuous if 
V,@(z)) c f(Vr,(z)) for each z E X. 
If A is a class of pretopological spaces, (Y,p) is a pretopological space and 
(f : (X, q) + (Y,p)) is the sink consisting of all continuous maps from d-objects to 
(Y, p), then we call this sink the total sink from d-objects to (Y, p). 
The construct of pretopological spaces and continuous maps is denoted by Prtop. 
In any pretopological space X a Tech closure operator cl is defined by 
and the other way around, a eech closure operator cl on X determines a unique pre- 
topology on X. Prtop is isomorphic to the construct of tech closure spaces. 
Prtop is a well-fibred topological construct. So in Prtop initial and final structures 
exist for arbitrary sources and sinks. We will make extensive use of final structures in 
Prtop and therefore recall their construction: if 
is a sink, then the final pretopological structure p on Y has as neighborhood filter in 
YEY 
V,(Y) =j, ify$ Ufi(Xi) 
iE1 
and 
V,(Y) = n fi(~,i(4) if y E U fi(Xi). 
%I, zEX, iEI 
fi(2)=Y 
Categorical terminology follows that of Adhmek, Herrlich and Strecker [ 11. We will 
not use the abstract categorical theory since we only work in the setting of topological 
constructs. 
All subconstructs are always assumed to be full and isomorphism-closed and to contain 
at least one nonempty space. Hence coreflective subconstructs are bicoreflective. We 
frequently use the following characterization of a coreflective subconstruct C of Prtop: a 
subconstruct C of Prtop is coreflective if and only if the subconstruct C is closed under 
final Ptiop-sinks, i.e., whenever (fi : (X,, qi) + (X, q)) is a final sink in Prtop and 
(Xi, qi) is a C-object for every i then (X, q) is a C-object too. It is sufficient that C is 
closed under the formation of Prtop-coproducts and quotients. 
If A is any class of pretopological spaces, then there exists a smallest coreflective 
subconstruct containing A. It is denoted by Z(d) and if A is a singleton class {A}, 
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then we use the notation ‘H(A). The objects in 7-(d) are pretopological spaces (Y,p) 
such that there exists a final sink (fi : (Xi, qi) + (Y,p)) where all spaces (X,,qi) are 
d-objects. For additional information on coreflective subconstructs and hulls in the setting 
of topological constructs we refer to [21]. 
2. The smallest coreflective subconstructs of Prtop 
Subconstructs of Prtop are partially ordered by inclusion on their object-classes. Let lP 
be the conglomerate of all coreflective subconstructs of Prtop endowed with this partial 
order. In this section we describe the smallest, second and third smallest elements of P. 
First we introduce some objects of Prtop that play an essential role in this investigation. 
On the two-point set (0, 1) we will be dealing with 2, the topological Sierpinski space 
(i.e., ((0, l}, (8, {l}, (0, l}})), and 12, the topological indiscrete space. 
On the three-point set (0, 1,2} we will consider the pretopological space 3 with small- 
est neighborhoods (0, 1,2} of 0 and 2 and { 1,2} of 1. 
If (Y is an ordinal number, X, is the set [O,w,], i.e., 
(0; fl ordinal number, 0 < @ < w,}. 
X, is the filter on X, generated by the sets (0) U [,D, wa], with ,0 < w,; F(o) is the 
pretopological space with X, as underlying set, with {X,} as neighborhood filter of 
each ,B < we, and X, as neighborhood filter of w,. 
Each of these objects X generates a coreflective hull ?f(X). Some of these hulls 
have been studied earlier: the hull of 2 played an important role in the description of 
exponential objects in [ 191 and the hull of F(a) played a key role in the investigation of 
Cartesian closedness for coreflective subconstructs of Prtop [20]. We recall two results 
from these earlier papers that will be useful in the sequel. 
Proposition 2.1 [ 191. The corejective hull of 2 in Prtop is the class Fing of all finitely 
generated spaces, i.e. all spaces X having the property that every point x has a smallest 
neighborhood V,. 
Proposition 2.2 [20]. (i) IfX is a pretopological space, x E X and w, is regular such 
that 
(1) V C V(x), IV1 < wti =+ nv E L)(x), 
(2) W3; P < wcx) C V(x): np<Wu v, $ V(x) 
then there is afinal sink (fi : X -_) F(a))+ 
(ii) A corejlective subconstruct of Prtop that is not included in Fing, always contains 
a space F(a), with w, a regular cardinal. 
For the coreflective hulls of I* and 3 it is straightforward that the objects can be 
characterized in the following way. 
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Proposition 2.3. (i) The corejective hull 3c(I 2 ) consists of all finitely generated spaces 
X satisfying the symmetry condition 
aEV,JxEV, 
(ii) The coreflective hull N(3) consists of all finitely generated spaces X satisfying 
the condition 
a E V, + x E V,, z E V,, a E V, and z E V, for some z E X. 
Theorem 2.4. (i) The class Dis consisting of all discrete spaces is the minimum element 
of P. 
(ii) The coreflective hull 3_1(I 2 ) is the minimum element of P \ {Dis}. 
(iii) The coreflective hull Z(3) is the minimum element of P \ {Dis, ‘H(I2)). 
Proof. The result and proof of (i) and (ii) are quite similar to the topological situation 
studied by Herrlich in [9,10] and therefore we only give an explicit proof of (iii). 
First remark that 3 does not satisfy the characterization of x(12) of Proposition 2.3, 
so indeed x(3) belongs to P \ {Dis, ‘fl(Iz)}. 
Let C be an arbitrary element of B \ {Dis, ‘H(I2)). First, we assume C c Fing. Then 
C contains a finitely generated space X not satisfying the symmetry condition of Propo- 
sition 2.3(i). In this case let x, y in X such that x E Vu, y 4 V,. If V, = {x}, then 
cp : X -+ 2 mapping z to 1 and z to 0 if z # x is a quotient. This implies that C = Fing 
and so 3 E C. If V, # {x}, let (Pi : X + 3 for i E { 1,2,3} be defined as follows: 
l cp1 (z) = 1, cpi (y) = 0, cpi equals 2 elsewhere, 
l ‘pz(z) = 0, ‘p2 equals 2 elsewhere, 
l ‘ps(x) = 1, cp3 equals 2 elsewhere. 
Then (cpi : X + %{1,2,3) is a final sink and therefore 3 E C. 
Secondly we assume that C is not included in Fing. By Proposition 2.2(ii) there exists a 
regular cardinal w, such that F(o) belongs to C. Then consider the function 11, : F(a) -+ 3 
defined by q(l) = 0, @(wa) = 1 and 1c, equals 2 elsewhere. Then again $J is a quotient 
and hence 3 belongs to C. •I 
3. Coreflective subconstructs consisting of finitely generated spaces only 
Let F be the conglomerate of all coreflective subconstructs of Fing and consider the 
induced partial order. Of course, Dis, ‘?-l(Iz) and 3-1(3) are the smallest, second and third 
smallest elements of F. In order to make a further study of the partial order on F it 
is useful to exploit the well-known isomorphism between the construct Fing of finitely 
generated pretopological spaces and the construct Rere of reflexive relations (also known 
as SGraph, the construct of spatial graphs [6]). A space in Rere will be denoted by 
(X, y) where L) is a reflexive relation. Morphisms between objects X and Y in Rere 
are set functions f : X + Y with 
Z L) 2’ =+ f(5) c) f(x’). 
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A sink (fi : Xi -+ X)iEl is final if and only if 
I 
3k E I, 3xr, E f;‘(x), 3x; E &‘(x’): 
Xc)X'H 
Xk c) XL and x’ E Ufi(Xi) or 
z = x’ and Z’ $ UfiC;ri). 
I i 
If X is a Rere-object, then by describing the smallest neighborhood V, of x as 
v, = {x’ E x; x’ c) x} 
a finitely generated pretopology on X corresponds. Leaving morphisms unchanged as 
set-functions, we get an isomorphism functor Rere + Fing. Thus we can identify the 
constructs Rere and Fing. So a finitely generated pretopological space can be represented 
as a diagram of arrows between its elements, where an arrow x L) x’ means that x 
belongs to the smallest neighborhood of x’. An arrow z c) x’ with x = x’ is represented 
by a loop in x, but is usually omitted in diagrams. If both the arrows x c) x’ and x’ ‘+ x 
occur, we trace the double arrow x +-+ x’. So for instance, using this representation the 
finitely generated space 3, we encountered earlier, is the following: 
where loops have to be added in each vertex. 
To characterize the minimum of F \ {Dis, X(12), ‘H(3)) we introduce the finitely 
generated pretopological space 6 on the set (0, 1,2,3,4,5} picturized as follows: 
adding a double arrow between each pair of points that is not connected in the above 
diagram and a loop in each vertex. 
The objects of the coreflective hull of 6 can easily be characterized as follows. 
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Proposition 3.1. The coreflective hull g(6) consists of all$nitely generated spaces satis- 
fying the following property: for each arrow x0 -+ x5 in X there exist points x1 , x2, x3,24 
in X such that we have the diagram 
adding a double arrow between each pair of points that is not connected in the above 
diagram and a loop in each vertex. 
Theorem 3.2. The coreflective hull ‘H(6) is the minimum of IF \ {Dis, x(12), R(3)). 
Proof. First remark that 6 does not satisfy the characterization of the x(3)-objects, given 
in Proposition 2.3(ii), hence ‘H(6) belongs to F \ {Dis, ?t(Iz), x(3)). 
Let C be an arbitrary element of IF \ {Dis, 7-l(4), x(3)). Then C contains an object X 
which is a finitely generated space not belonging to z(3). Consider the total sink X + 6, 
we prove that it is final. Let g : 6 + Z be a function and assume that g o f is continuous 
whenever f : X + 6 is continuous. Let x q x’ be an arrow in 6. If (x,x’) # (0,5) then 
we can take z E 6 such that z and x as well as z and x’ are connected by double arrows. 
Let j : 3 -+ 6 be the continuous function mapping 0 to x’, 1 to x and 2 to z. Whenever 
h : X + 3 is continuous we have that g 0 j o h : X + Z is continuous. Since the total 
sink from X to 3 is final by Theorem 2.4(iii), we can conclude that g o j is continuous. 
It follows that g(x) c+ g(x’). 
Next suppose (x,x’) = (0,5). S ince X does not belong to x(3) we can find a and a’ 
in X such that a L) u’ and no element z in X is connected to both a and a’ by double 
arrows. Let f :X + 6 be defined as follows: f(u) = 0 and f(u’) = 5; if z E X is not 
connected to a nor to a’ then we put f(z) = 1. In all other instances of z E X \ {a, a’} 
at least one of the following cases will occur: 
(1) there is a single arrow z 9 a, 
(2) there is a single arrow a - z, 
(3) there is a single arrow z LJ u’, 
(4) there is a single arrow a’ C) z. 
Put ft = 3, f2 = 4, fs = 1, f4 = 2 and define f(z) = fi if case (i) occurs but none 
of the cases (j) with j < i. The function f :X -+ 6 thus defined is continuous and 
therefore g o f is continuous too. It follows that g(0) L) g(5). Finally we can conclude 
that 6 belongs to C. 0 
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Next we consider F \ {Fing} and we investigate whether there is a maximum in this 
conglomerate. In order to do SO, we introduce the following spaces: for n > 1, 2, is 
the finitely generated pretopological space on the set (0, 1, . . . , n - 1) with the structure 
described by 
J 
n-l 
s 
where the picture is completed by adding a loop in each vertex. 
The proof of the following result is easy. 
Proposition 3.3. (i) f : &+I + Z,, mapping n to 0 and i identically to i if i # n is a 
quotient. 
(ii) Every continuous function from Z, to Zn+l is constant. 
It follows that (7-L(Zn)) ,+t is a strictly increasing sequence in F \ {Fing}. Remark 
that Zt is the one-point discrete space generating the smallest element Dis and Zz is the 
two-point indiscrete space generating the second element. 
Next we consider {Zn: n > 1) and let 2 be the coreflective hull 3-1{ Zn: n > 1). 
The proofs of the following results are straightforward. 
Proposition 3.4. Let X be finitely generated. The following are equivalent: 
(i) X belongs to 2. 
(ii) For every arrow x c) x’ there exists a $nite sequence of points x1, x2, . . . , x, 
withx,L)x, x’~)x~andx~~-)x~+~forallj~{1,2,...,n-1). 
(iii) The topological bireflection of X is indiscretely generated, i.e., is a coproduct of 
indiscrete spaces. 
Theorem 3.5. 2 is the maximum element of IF \ {Fing}. 
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Proof. Let C be a coreflective subconstruct of Fing, not included in 2. Then C con- 
tains a space X in which there is an arrow z + 50 such that for all finite sequences 
Xl, x2,.*., z, of points in X we don’t have the diagram 
Define the subset 
A={x,cX; 321,x2 ,..., s,_t~X,V~5’{0,1,..., n-l}: x+.xcj+,} 
of X and take the function f : X + (0, 1) with fly = 0 and fl~\~ = 1. We show that 
f : X -+ 2 is a quotient. It suffices to show that for a function g : 2 --+ 2 such that go f is 
continuous, we have the arrow g(1) c) g(0). Now 2 LS x0 implies g of(x) L+ gof(xa). 
But f(x) = 1 and f(xo) = 0. 0 
Theorem 3.6. IF \ {Fing, 2) has no maximal elements. 
Proof. Let C be an arbitrary element of IF \ {Fing, 2). Since C # 2 there exists k 3 3 
such that .Zk $ C. Put 2) = %(C U {Z,}). Clearly 2) is strictly larger than C. So it 
suffices to prove that iT) E F \ {Fing, 2}. Since all continuous maps from 2I, to 2k+i 
are constant it follows that Zk+i $ 2). 0 
4. Coreflective subconstructs containing at least one nonfinitely generated space 
In the study of coreflective subconstructs not contained in Fing, the objects F(o) 
introduced in Section 2 play an important role. We will also make use of the objects 
C(a) introduced in [9]. 
Let LY be some ordinal and let C(a) be the (pre)topological space on the set X, 
with the tails generating the neighborhood filter in w, and all points p < w, isolated. 
Then the coreflective hull of C(cy) in Prtop consists of all w,-sequentially determined 
pretopological spaces, i.e., pretopological spaces in which the closure of a set can be 
derived from the convergence of an w,- net in that set and described in the introduction 
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by means of a limit operator. In particular the coreflective hull of C(0) is the construct of 
all Frkchet pretopologies studied in [ 17,191. Furthermore for an ordinal cr, let Prtop, be 
the subconstruct of Prtop consisting of all pretopological spaces in which an intersection 
of strictly less than w, neighborhoods of a point again is a neighborhood of that point. It 
is easily seen that Prtop, is coreflective in Prtop, that Prtopo = Prtop, Prtopp c Prtop, 
if (Y < p and n, Prtop, = Fing. 
Proposition 4.1. Each pair of different objects from 
(N(6)) U {%(F(a)); w, regular} 
is incomparable. 
Proof. Let w, and wp be regular cardinals, (Y < p. Clearly F(P) E Prtopp and F(a) $ 
Prtopp. Hence %(F(a)) $! %(F(,B)). 
Moreover F(Q) is w,-sequentially determined and F(P) is not w,-sequentially deter- 
mined. Hence %(F(P)) $Z’ x(F(a)). 
Clearly 3C(F(cu)) $ Z(6) since Z(6) consists of finitely generated spaces only. 
Next we prove that 6 +! 3t(F(a)). Suppose on the contrary that the total sink (F(Q) + 
6) would be final. Then 
stack(K) = n f(V(f-l(x))) 
f conlinuous 
for every z E 6. Since 0 E V=, there exists a continuous function f : F(cY) + 6 such 
that {0,5} c f(X,). S ince 5 4 VO we clearly have f-‘(O) = {wru}. It follows that 
V(f-‘(5)) = stack{X,}. H ence f(Xa) c F/rs. Now choose ,l3 < w, such that f({O} U 
L:ilz$j c V,. Let f(P) = b, th en b # 0, b # 5 and so f(X,) C vb. A contradiction 
. 0 
Theorem 4.2. ‘H(6) and ‘H(F(cx)) f or w, regular are minimal elements in 
P \ {Dis, 3c(I2), X(3)). 
Proof. That x(6) is minimal follows from Theorem 3.2. If C belongs to 
B \ {Dis, 31(12), x(3)) 
and C c E(F(a)) with w, regular then C cannot be contained in Fing since otherwise 6 
would belong to C and this would contradict the incomparability of Z(6) and Z(F((r)). 
So by Proposition 2.2(ii) we have F(P) E C for some regular cardinal wp. Again applying 
Proposition 4.1 we can conclude that C = Z(F(cr)). 0 
If w, is a regular cardinal let B, be the conglomerate of all coreflective subconstructs 
C with 
%(F(cY)) C C C Prtop,. 
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Fing 
2 
we) 
‘H(3) 
Theorem 4.3. P \ F is the disjoint union of all P, with w, regular: 
Proof. That IF’, and IF’0 are disjoint for (Y < p follows from the fact that F(a) $! Prtop,. 
Let C be any coreflective subconstruct of Prtop with C 4 F. Let 
cy = min {y; 3X E C, Ia: E X, 32, E V(x), [U\ = f+, nU $ V(z)}. 
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Then wa is a regular cardinal and clearly C C Prtup,. Moreover Proposition 2.2(i) 
implies that F(cr) E C. 0 
Corollary 4.4. For regular cardinals w, and wp with (Y # ,B 
%((F(cu)) n X(F(,@) = ~(F((Y)) f~ Fing = ‘?-L(3). 
5. Subconstructs strictly larger than Fing 
Let Ml be the conglomerate of coreflective subconstructs strictly finer than Fing and 
for w, regular M, the conglomerate of all coreflective subconstructs C with 
3c (F(Q) + 2) C C C Prtup,. 
Theorem 5.1. (i) The subconstructs {‘fl(F(cr) + 2); w, regular} are pairwise incom- 
parable. 
(ii) M is the disjoint union of all M, with w, regular 
Proof. (i) Since R(F(a) + 2) c ?t(C(cx)) c Prtop, for w, regular, we can repeat the 
argument used in Proposition 4.1. 
(ii) Immediately from Theorem 4.3. 0 
References 
[I] J. Adtimek, H. Herrlich and G. Strecker, Abstract and Concrete Categories (Wiley, New York, 
1990). 
[2] A. Arhangel’skii, Some types of factor mappings, and the relations between classes of 
topological spaces, Soviet Math. Dokl. 4 (1963) 1726-1729. 
[3] H.L. Bentley, H. Herrlich and R. Lowen, Improving constructions in topology, in: Category 
Theory at Work (Heldermann, Berlin, 1991) 3-20. 
[4] E. Tech, Topological Spaces (Wiley, New York, 1959). 
[5] G. Choquet, Convergences, Ann. Univ. Grenoble Sect. Sci. Math. Phys. 23 (1948) 57-l 12. 
[6] D. Dikranjan and W. Tholen, Categorical structure of closure operators, Preprint (1993). 
[7] H.R. Fischer, Limesraume, Math. Ann. 137 (1959) 269-303. 
[8] F. Hausdorff, Gestufte Raume, Fund. Math. 25 (1935) 486-502. 
[9] H. Herrlich, Topologische Reflexionen und Coreflexionen, Lecture Notes in Mathematics 78 
(Springer, Berlin, 1968). 
[lo] H. Herrlich, Limit-operators and topological coreflections, Trans. Amer. Math. Sot. 146 (1969) 
203-210. 
[ 1 l] H. Herrlich, Topological improvements of categories of structured sets, Topology Appl. 27 
(1987) 145-155. 
[12] H. Herrlich, Hereditary topological constructs, in: Z. Frolik, ed., General Topology and its 
Relations to Modem Analysis and Algebra VI (Proc. Sixth Prague Topological Symposium 
1986) (Heldermann, Berlin, 1988) 249-262. 
[ 131 H. Herrlich, E. Lowen-Colebunders and F. Schwarz, Improving TOP: PRTOP and PSTOP, in: 
Category Theory at Work (Heldermann, Berlin, 1991) 21-34. 
E. k)wen-Colebunders, G. Sonck / Topology and its Applications 70 (1996) 199-21 I 211 
[ 141 DC. Kent, Convergence functions and their related topologies, Fund. Math. 54 (1964) 125- 
133. 
[15] D.C. Kent, A note on pretopologies, Fund. Math. 62 (1968) 95-100. 
[16] DC. Kent, Convergence quotient maps, Fund. Math. 65 (1969) 197-205. 
[17] DC. Kent, Decisive convergence spaces, FrCchet spaces and sequential spaces, Rocky 
Mountain J. Math. 1 (1971) 367-374. 
[ 181 H. Kowalsky, Limesraume und Komplettierung, Math. Nachr. 12 (1954) 301-340. 
[19] E. Lowen-Colebunders and G. Sonck, Exponential objects and Cartesian closedness in the 
construct Prtop, Appl. Cat. Struct. 1 (1993) 345-360. 
[20] E. Lowen-Colebunders and G. Sonck, On the largest coreflective Cartesian closed subconstruct 
of Prtop, to appear. 
[21] G. Preuss, Theory of Topological Structures (Reidel, Dordrecht, 1988). 
[22] F. Riesz, Die Genesis des Raumbegriffes, Math. und Naturwiss. Berichte aus Ungam 24 (1907) 
309-353. 
[23] F. Schwarz, Cartesian closedness, exponentiality and final hulls in pseudotopological spaces, 
Quaestiones Math. 5 (1982) 289-304. 
[24] F. Schwarz, Powers and exponential objects in initially structured categories and applications 
to categories of limit spaces, Quaestiones Math. 6 (1983) 227-254. 
[25] F. Schwarz, Extensionable topological hulls and topological universe hulls inside the category 
of pseudotopological spaces, Comment. Math. Univ. Carolin. 31 (1990) 123-127. 
[26] F. Schwarz, Hulls of classes of “Gestufte R&me”, in: Math. Research, Recent Developments 
of General Topology and its Applications 67 (1992) 299-302. 
